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1. Experimental details.
Materials
Titanium dioxide (TiO2) paste (JGC Catalyst and Chemicals Ltd., PST-18NR), chromium (III) nitrate nonahydrate and all other reagents were purchased and used as received. ITO-coated glass (< 10 Ω/□ of a sheet resistance) was purchased from AGC Fabritech Co. Ltd. Deionized water was used for all the experiments.
Preparation

TiO2 electrode
TiO2 paste was coated on an ITO substrate (1.0 cm 2 area) by a baker film applicator and then air-dried for 60 min. It was calcined at 723 K for 60 min to form a TiO2-coated ITO substrate.
Cr III xOy-deposited TiO2 electrode Typically, an aqueous chromium (III) nitrate solution (0.14 mol L -1 , 10 mL) was pre-treated by cathodic polarization of a platinum plate electrode (2.0 cm 2 area) at -0.74 V vs. Ag/AgCl for 2 h. The pre-treated Cr(NO3)3 solution was characterized by UV-visible absorption, and Raman spectroscopic techniques (see text). A polychromium-oxo layer was cathodically electrodeposited on a TiO2 electrode at -0.74 V vs. Ag/AgCl in the pre-treated Cr(NO3)3 solution for 6 h to give polychromium-oxo-deposited TiO2 electrode. It was characterized by UV-visible absorption, XPS, Raman spectroscopic, SEM and EDS techniques.
Cr2O3 powder
Cr2O3 powder was chemically prepared as follows. An 0.3 mol L -1 aqueous sodium hydroxide solution (5 mL) was slowly dropped into an 0.14 mol L -1 aqueous chromium(III) nitrate solution (5 mL) to give Cr2O3 powder. It was repeatedly washed with water to remove sodium nitrate, and then dried at 80ºC for overnight.
TiO2 electrode with Cr2O3 deposited chemically
A TiO2 electrode with Cr2O3 deposited chemically was prepared as follows. An 0.14 mol L -1 aqueous chromium(III) nitrate solution (50 µL) followed by an 0.3 mol L -1
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aqueous sodium hydroxide solution (50 µL) was slowly dropped onto the TiO2 electrode.
The electrode was air-dried for several hours and then dried at 80ºC for overnight to
give a TiO2 electrode with Cr2O3 deposited chemically.
Measurements
UV-visible absorption spectra were measured using a photodiode array spectrophotometer (Shimadzu, Multispec-1500). UV-visible diffuse reflectance spectra were measured using an UV-visible spectrophotometer (JASCO V-550) in a diffuse reflectance mode. Raman spectra were measured using a Raman spectrophotometer (Horiba, Lab RAM HR) using 532 nm excitation and silicon standard wavenumber (520.7 cm -1 ). A scanning electron microscopic (SEM) data and energy dispersive X-ray spectroscopy (EDS) data were recorded using a scanning electron microscope (JEOL, JSM-6510LV). For analysis of the chromium amount deposited, polychromium-oxo-electrodeposited TiO2 on the ITO electrode was dissolved in an aqua regia, and the chromium amount in the dissolved solution was measured using an inductively coupled plasma mass (ICP-MS) spectrometer (Yokogawa, HP4500). X-ray photoelectron spectroscopic (XPS) data were taken using an X-ray photoelectron spectrometer (JEOL, JPS-9000). Electrochemical experiments were conducted in a 0.1 mol L -1 phosphate buffer solution (Na2HPO4 + KH2PO4, pH = 7) in an electrochemical cell equipped with a working electrode, a platinum wire counter electrode and an Ag/AgCl reference electrode using an electrochemical analyzer (Hokuto denko, HZ-3000). All the electrochemical and photoelectrochemical experiments were carried out under argon atmosphere at 298 K. A 500 W Xenon lamp (Ushio, UXL-500SX, lamp house: SX-U1500XG) with 420 nm band-pass filter or a 150 W halogen lamp (Tokina, KTS-150RSV) with a L42 UV-cut-filter (λ < 420 nm cutoff) were used for photoelectrochemical measurements. A 500 W Xenon lamp with monochromator (Bunkoukeiki, M10) was used for incident photon-to-current efficiency (IPCE) measurement. The IPCE values were calculated according to Eq. (1),
where J, P and λ are a photocurrent density (A cm -2 ), light intensity (W cm -2 ) and wavelength (m). Initial internal quantum efficiency for oxygen evolution (ΦO2) was calculated according to Eq. (2).
where Jini, h, c, NA, Q, P, λ and T are initial current density (42 μA wavelength (420 nm), and transmittance (0.05). Gas evolved during the photoelectrocatalysis was analyzed on a gas chromatograph (Shimadzu, GC-8A)
equipped with a molecular sieve 5Å column using argon carrier gas (flow rate is 40 cm
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Characterization of the pre-treated solution. (a)
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X-ray energy / keV Figure S5 EDS spectra of (a) a TiO2 electrode and (b) a Cr The peaks at 585.7 and 575.9 eV are assigned to Cr 2p1/2 and Cr 2p3/2, respectively.
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Raman shift / cm -1 Figure S7 Normalized Raman spectra of a TiO2 electrode surface (black) and a Cr III xOy-deposited TiO2 electrode (red). It was prepared by cathodic polarization in the pre-treated aqueous Cr(NO3)3 solution (0.14 mol L -1 ) at -0.74 V vs. Ag/AgCl for 6 h.
The spectra were normalized at 638 cm -1 .
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